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Aim:	 To	 identify	 the	gait	parameters	used	 to	assess	gait	disorders	 in	 children	with	bilateral	 spastic	
cerebral	palsy	(BSCP)	and	evaluate	their	responsiveness	to	treatments.	
Method:	A	 systematic	 search	within	Pubmed,	Web	of	 Science	and	Scopus	 (English,	 2000-2016)	 for	
randomized	controlled	trials	of	children	with	BSCP	who	were	assessed	by	instrumented	gait	analysis	
(IGA)	 was	 done.	 Data	 related	 to	 participants	 and	 study	 characteristics,	 risk	 of	 bias	 and	 outcome	
measures	were	collected.	A	list	of	gait	parameters	responsive	to	clinical	interventions	was	obtained.	
Results:	Twenty-one	articles	met	the	inclusion	criteria.	Eighty-nine	gait	parameters	were	identified	and	










− Fifty-six	 responsive	 gait	 parameters	 for	 children	 with	 bilateral	 spastic	 cerebral	 palsy	 were	
identified.	
− Most	responsive	gait	parameters	belong	to	joint	angles	time-series	at	sagittal	plane.	









and	 posture	 and	 causing	 activity	 limitation	 that	 are	 attributed	 to	 non-progressive	 lesions	 in	 the	
developing	fetal	or	infant	brain3.	The	motor	disorders	of	CP	often	occur	together	with	disturbances	of	
sensation,	 cognition,	 communication	 and	 behaviour,	 with	 epilepsy	 and	 with	 secondary	
musculoskeletal	problems3.	
Spasticity	 is	 often	 the	 dominant	 motor	 disorder4,	 along	 with	 loss	 of	 selective	 motor	 control	 and	
impaired	 balance5,	 and	 it	 can	 be	 classified	 according	 to	 different	 topographical	 patterns	 such	 as	
quadriplegia,	 diplegia	 and	 hemiplegia,	 with	 additional	 terms	 such	 as	 monoplegia	 and	 triplegia,	 or	
unilateral	 and	 bilateral6.	 Secondary	 musculoskeletal	 problems	 like	 muscle	 contractures,	 bony	
deformities	 and	 joint	 instability	 appear	 as	 a	 consequence	 of	 growth	 and	 development	 of	 the	
musculoskeletal	 system5.	 Their	 interaction,	 occurring	 at	 multiple	 levels,	 affects	 the	 quality	 and	













The	 Instrumented	Gait	Analysis	 (IGA)	allows	a	precise	quantification	of	gait	characteristics,	 through	
objective	data	that	cannot	be	appreciated	visually	or	measured	on	a	static	physical	examination13.	The	
IGA	 provides	 detailed	 information	 on	 four	 main	 types	 of	 data	 recorded	 simultaneously:	
spatiotemporal,	kinematic,	kinetic	and	surface	electromyography	(sEMG)	parameters14,15.	The	IGA	is	
often	 used	 in	 the	 assessment	 of	 ambulatory	 children	 with	 cerebral	 palsy16,	 for	 multiple	 purposes	
including	the	identification	and	understanding	of	gait	deviations,	the	refinement	of	clinical	decision-




instrument	complicated	 to	use	and	difficult	 to	 interpret18.	A	methodology	 for	properly	 interpreting	
data	from	the	IGA	has	not	been	defined	clearly15	so	clinicians	and	researchers	have	the	challenge	to	
extract	the	clinically	relevant	information	from	this	large	amount	of	data19.	Kinematic	and	kinetic	data	









between	 two	 therapy	 stages	within	 the	 same	 patient	 group	 (responsiveness	 to	 treatments)20.	 The	
responsiveness	 (ability	 to	assess	 significant	 changes)	of	 gait	parameters	 to	 interventions	should	be	









In	 order	 to	 identify	 the	 key	 articles	 on	 this	 topic,	 a	 systematic	 search	was	 undertaken	within	 the	
following	online	databases:	PubMed,	Web	of	Science	and	Scopus.	Constraints	were	applied	for	year	of	
publication	(2000-2016),	language	(English)	and	document	type	(clinical	trial).	Search	through	PubMed	
was	 also	 limited	 for	 species	 (humans)	 and	 text	 availability	 (abstract).	 The	 user	 query	 used	 was:	
(cerebral	palsy	OR	spastic	diplegia)	AND	(child	OR	adolescent)	AND	(gait	OR	walking	OR	ambulation	OR	











allocation	 sequence	 concealment,	 blinding,	 incomplete	 outcome	 data	 and	 selective	 outcome	
reporting.	Included	studies	were	asked	to	be	RCT	so	we	firstly	analyzed	the	way	randomization	was	







A	 data	 extraction	 sheet	 was	 developed,	 pilot-tested	 on	 the	 14	 first	 included	 studies	 and	 refined	
accordingly.	Firstly,	information	related	to	participants	and	study	characteristics	was	extracted	in	order	
to	establish	 the	comparability	of	 the	 included	 studies:	eligibility	 criteria,	participants,	 study	design,	
intervention	and	assessment.	Secondly,	gait	parameters	were	classified,	according	to	their	nature,	in	
spatiotemporal,	kinematic,	kinetic,	sEMG	and	summary	indexes,	and	their	significant	results	(intra-	or	
intergroup	 statistical	 analysis)	 were	 collected	 in	 order	 to	 determine	 their	 responsiveness	 to	
interventions.	 Both	 text	 and	 tables	 data	 were	 considered.	 Only	 outcomes	which	were	 statistically	
analyzed,	and	significant	results	obtained	from	randomized	 interventions	were	 included.	Significant	
results	 obtained	 from	 a	 combination	 of	 experimental	 and	 control	 group	 data,	 and	 kinematic	










August	 10th,	 2017.	 After	 adjusting	 for	 duplicates,	 199	 remained.	 After	 reviewing	 the	 title	 and	 the	
abstract,	150	studies	were	discarded	because	they	clearly	did	not	meet	the	inclusion	criteria.	The	full	
text	of	 the	remaining	49	studies	was	examined	 in	more	detail.	Finally,	21	studies	met	the	 inclusion	
criteria	and	were	included	in	the	literature	review24-44.	In	one	article34,	only	one	of	the	studies	(phase	




(21	 studies),	 age	 range	 (16),	 gross	motor	 function	 (20),	 range	 of	motion	 (nine),	 severity	 of	motor	
disorders	(spasticity	and/or	muscle	weakness;	six),	secondary	musculoskeletal	problems	(contractures	
and	deformities;	14),	medical	history	(surgery,	drugs	and/or	rehabilitation;	19),	sensory	impairments	









II	 and/or	 III)	 and	 four	 studies	 additionally	 included	participants	 able	 to	walk	with	 external	 support	
(GMFCS	levels	I,	II,	III	and/or	IV)	(see	Table	1).	












multilevel	 surgery	 (SEMLS),	 distal	 rectus	 femoris	 transfer	 and/or	 selective	 dorsal	 rhizotomy;	 four	
studies),	BTX-A	(four),	casting	(four),	orthopedic	device	(ankle-foot	orthosis,	strapping	system	and/or	
postural	insole;	three),	individually	defined	physical	therapy	(one),	strength	training	program	(whole	







pre-,	 post-intervention	 and	 follow	 up	 assessments.	 Three	 studies	 made	 assessments	 in	 different	
conditions:	with	and	without	the	intervention	device	(see	Table	2).	
When	 performing	 the	 IGA,	 different	 measurement	 tools	 were	 used	 synchronously	 (integrated	









In	 all	 the	 studies,	 participants	were	 asked	 to	walk	 on	 a	walkway.	 In	 12	 studies,	 the	 length	 of	 the	
walkway	was	specified,	with	a	mean	value	of	8m.	In	11	studies,	the	minimum	number	of	walking	trials	




studies	also	described	whether	participants	walked	barefoot	 (eight	 studies)	or	with	usual	 footwear	






The	 risk	 of	 bias	 assessment	 was	 focused	 on	 the	 participants’	 selection	 and	 the	 gait	 parameters’	
selection.	When	assessing	the	participants’	selection	bias,	the	random	sequence	generation	and	the	












other	 one	 classified	 as	 unclear).	 In	 10	 studies,	 the	 whole	 randomization	 process	 was	 classified	 as	
unclear	and	one	study	showed	a	high	risk	of	participants’	selection	bias	(see	Table	1).	
The	 assessment	 of	 the	 gait	 parameters’	 selection	 bias	 was	 based	 on	 the	 ideal	 hypothesis	 testing	
defined	 in	 Pataky	 et	 al.21	 and	 the	 following	 criteria	 were	 applied:	 1)	 directed	 hypotheses	 (claim	
response	in	specific	gait	parameters)	followed	by	analyses	of	the	same	specific	gait	parameters	and	















Only	 three	 included	 studies	 provided	 detailed	 parameters	 definitions26,28,30.	 Gait	 parameters	 with	
different	 terminology	 were	 grouped	 together	 if	 they	 had	 a	 similar	 meaning	 (e.g.	 “minimum	 knee	
flexion	 in	 stance”30	 and	 “maximum	 knee	 extension	 in	 stance”43)	 and	 a	 common	 terminology	 was	














(17),	 step	width	 (two),	 time	of	 toe	off	 -also	expressed	as	stance	phase	or	swing	phase-	 (six),	 single	
support	(one)	and	double	support	(one).	Gait	speed	was	calculated	in	m/s,	cm/s	or	m/min	(15	studies)	
and	 it	was	also	normalized	to	account	for	 leg	 length	(one).	Cadence	was	calculated	 in	steps/min	or	
cycles/min	 (10	 studies)	 and,	 when	 expressed	 as	 cycle	 time,	 in	 s	 or	 ms	 (four).	 Stride	 length	 was	
calculated	in	m	or	cm	(13	studies)	and	percentage	of	height	(one).	Time	of	toe	off,	single	support	and	
double	support	were	calculated	in	percentage	of	cycle.	Statistically	significant	changes	(p	<	0.05)	within	




Fifteen	studies	analyzed	kinematics	of	the	 lower	 limb,	 including	segment	angles:	 foot	(four	studies)	
and	pelvis	(five);	and	joint	angles:	ankle	(12),	knee	(13)	and	hip	(10);	in	the	three	planes:	sagittal	(15),	










and	 joint	 power	 in	 W	 (one)	 or	 W/kg	 (two).	 Eight	 different	 parameters	 were	 reported:	
PlantDorsFlexMo_IC	 (one	 study),	 MAX_PlantDorsFlexMo_LR	 (two),	 MAX_PlantDorsFlexMo_POff	
(five),	 MIN_AnkleGenAbsPo_LR	 (one),	 MAX_AnkleGenAbsPo_POff	 (three),	 MIN_KneeGenAbsPo_LR	
(one),	 MIN_HipGenAbsPo_St	 (one)	 and	 MAX_HipGenAbsPo_St	 (one).	 Significant	 changes	 were	






patients	 in	which	muscle	 is	active	during	gait	cycle)	and	maximal	 linear	envelope	of	EMG	(dynamic	
rectified	EMG	recordings	 in	mV).	Eight	muscle	groups	were	studied:	gastrocnemius	 (three	studies),	







Interventions	were	 grouped	 in	 eight	 different	 types:	 surgery,	 BTX-A	 +	 casting,	 orthopedic	 devices,	
strength	 training,	 balance	 training,	 gait	 training,	 individualized	 therapy	 and	 hippotherapy.	 Surgery	
produced	 significant	 changes	 in	 kinematic	 parameters,	mainly	 at	 knee	 (nine	 parameters),	 and	 one	
summary	 index	 (GGI).	 BTX-A	 and/or	 casting	 showed	 significant	 differences	 in	 spatiotemporal,	
kinematic	(foot,	ankle,	knee,	hip	and	pelvis),	kinetic	(ankle	and	hip)	and	sEMG	parameters.	Orthopedic	
devices	showed	significant	results	in	spatiotemporal,	kinematic	(ankle,	knee	and	hip)	and	ankle	kinetic	
parameters.	 Strength	 training	 significantly	 changed	 spatiotemporal	and	kinematic	 (ankle	and	knee)	
parameters.	Balance	training	produced	significant	results	in	spatiotemporal	parameters.	Gait	training	
showed	 significant	 results	 in	 spatiotemporal	 and	 kinematic	 parameters,	 mainly	 at	 hip	 (five	
















commonly	 seen	 in	 individuals	 with	 CP	 and	 plan	 an	 appropriate	 intervention13.	 Further	 research	 is	
needed	to	establish	the	relevance	of	kinetic	and	sEMG	parameters	as	outcome	measures.	
Fifty-six	gait	parameters	 showed	significant	 results.	Kinematic	were	 the	 type	with	more	 responsive	
parameters	(38)	followed	by	sEMG	(seven),	spatiotemporal	(five),	kinetic	(four)	and	summary	indexes	
(two).	81%	of	responsive	kinematic	parameters	were	joint	angles	(ankle,	knee	or	hip)	and	79%	were	




considered	 important	 in	 clinical	 decision-making	 and	 intervention	 planning,	 and	 analyses	 in	 these	
planes	could	improve	content	validity	of	gait	classifications46.	
The	 selection	 of	 an	 appropriate	 outcome	measure	 depends	 on	many	 factors	 including	 the	 type	 of	















































responsiveness	 of	 the	 gait	 parameters	 to	 interventions.	 Our	 results	 may	 also	 guide	 clinicians	 and	
researchers	to	select	the	most	relevant	gait	parameters	according	to	the	clinical	hypothesis	and	the	
treatment	selection.	The	IGA	is	one	of	the	many	inputs	into	the	clinical	decision-making	process16	and	
we	 recommend	 using	 it	 together	 with	 usual	 clinical	 assessment.	 In	 the	 identification	 of	 walking	
problems,	differences	are	detected	when	using	the	IGA	or	the	clinical	assessment45;	the	IGA	is	not	a	
substitute	 for	 the	clinical	 assessment	but	 should	be	used	 to	provide	evidence	and	enhance	clinical	
decision-making13.	 The	use	of	 a	diagnostic	 and	assessment	protocol,	 based	on	different	 sources	of	
information	and	including	the	IGA,	is	crucial	to	achieve	an	evidence-based	practice	to	optimize	the	gait	
pattern	and	the	gait	function	of	children	with	cerebral	palsy.	
Some	 limitations	should	be	considered	when	 interpreting	the	findings/results	of	 this	 review:	1)	 the	
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Study	 Sample	size	 Mean	age	 Sex	 	 Diagnosis	 GMFCS	 Participants‘	selection		
risk	of	bias		 (n)	 (yr/mo)	 (n)	 	 (n)	 (score)	
	 E	 C	 	 M	 F	 	 SD	 SQ	 SH	 ST	 	 RSG	 AC	
	 	 	 	 	 	 	 	 	 	 	 	 	 	
Neto	et	al.	(2014)24	 5	 5	 8	 _	 _	 	 10	 	 	 	 I,	II	 ?	 ?	
Abd	El-Kafy	et	al.	(2014)25	 15	 15	 8/10	 13	 17	 	 30	 	 	 	 I,	II	 +	 ?	
Franki	et	al.	(2014)26^	 5	 5	 6/2a	 6	 4	 	 b	 b	 	 	 I,	II,	III	 +	 +	
Abd	El-Kafy	(2014)27	 19/19c	 19	 7/4	 31	 26	 	 57	 	 	 	 I,	II	 +	 +	
Grecco	et	al.	(2014)28	 12	 12	 7/11	 7	 17	 	 24	 	 	 	 II,	III	 ?	 +	
Lee	et	al.	(2013)29	 15	 15	 9/10	 15	 15	 	 b	 b	 	 	 d	 ?	 ?	
Dreher	et	al.	(2012)30	 17	 15	 11/2	 20	 12	 	 32	 	 	 	 I,	II,	III	 +	 ?	
Smania	et	al.	(2011)31	 9	 9	 13/4	 10	 8	 	 11	 7	 	 	 I,	II,	III,	IV	 +	 ?	
Van	der	Houwen	et	al.	(2011)32	 12	 10	 7/7	 14	 8	 	 21	 	 1	 	 I,	II,	III	 ?	 ?	
Johnston	et	al.	(2011)33	 14	 12	 9/6	 14	 12	 	 12	 12	 	 2	 II,	III,	IV	 ?	 ?	
McGibbon	et	al.	(2009)34	 25	 22	 8/6	 27	 20	 	 25	 9	 7	 6e	 I,	II,	III,	IV	 ?	 +	
Smith	et	al.	(2009)35^	 _	 _	 7/6	 _	 _	 	 15	 	 	 	 I	 ?	 ?	
Al-Abdulwahab	et	al.	(2009)36	 21	 10	 7/8	 _	 _	 	 31	 	 	 	 f	 ?	 ?	
Seniorou	et	al.	(2007)37	 11	 9	 12/6	 10	 10	 	 20	 	 	 	 I,	II,	III	 ?	 ?	
McNee	et	al.	(2007)38^	 5	 4	 7/1	 4	 5	 	 6	 	 3	 	 I,	II,	III	 +	 ?	
Engsberg	et	al.	(2006)39	 3/4/2c	 3	 9/11	 3	 9	 	 12	 	 	 	 I,	II,	III	 ?	 ?	
Patikas	et	al.	(2006)40	 19	 20	 9/8	 _	 _	 	 39	 	 	 	 f	 ?	 ?	
Kay	et	al.	(2004)41	 11	 12	 7/1	 12	 11	 	 13	 1	 9	 	 f	 +	 ?	
Bottos	et	al.	(2003)42	 5	 5	 6/4	 7	 3	 	 10	 	 	 	 d	 ?	 ?	
Desloovere	et	al.	(2001)43	 17	 17	 6/10	 _	 _	 	 22	 	 12	 	 d	 -	 -	













Study	 Intervention	 Assessment	timing	 IGA	 Gait	parameters’	
selection	risk	of	bias		 E	 C	 	 Measurement	tool	 Data	type	
	 	 	 	 	 	 	
Neto	et	al.	(2014)24	 PI	 Placebo	 Barefoot/Shoes/+Insoles	 3DGA	 Spatiotemporal	 -	
Abd	El-Kafy	et	al.	(2014)25	 BT+CT	 CT	 Pre/Post	 3DGA+Video	 Spatiotemporal	 -	
Franki	et	al.	(2014)26^	 ITP	 GTP	 Pre/Post	 3DGA+FP+sEMG	 Spatiotemporal,	kinematics,	summary	indexes	 +	
Abd	El-Kafy	(2014)27	 CT+SS/+SAFOc	 CT	 Pre/Post	 3DGA+Video	 Spatiotemporal,	kinematics	 +	
Grecco	et	al.	(2014)28	 TT+tDCS	 TT+Placebo	 Pre/Post/1month	 3DGA+Video	 Spatiotemporal,	kinematics,	summary	indexes	 +	
Lee	et	al.	(2013)29	 WBVT+CT	 CT	 Pre/Post	 3DGA	 Spatiotemporal,	kinematics	 -	
Dreher	et	al.	(2012)30	 SEMLS+CT	 SEMLS+DRFT+CT	 Pre/1year	 3DGA+FP	 Spatiotemporal,	kinematics,	summary	indexes	 -	
Smania	et	al.	(2011)31	 GT	 CT	 Pre/Post/1month	 3DGA	 Spatiotemporal,	kinematics	 -	
Van	der	Houwen	et	al.	(2011)32	 BTX-A+CR	 CT	 Pre/6weeks	 Video+sEMG	 sEMG	 +	
Johnston	et	al.	(2011)33	 PBWSTT	 CT	 Pre/Post/1month	 3DGA	 Spatiotemporal	 -	
McGibbon	et	al.	(2009)34	 HT	 BS	 Pre/Post	 Video+sEMG	 sEMG	 +	
Smith	et	al.	(2009)35^	 DAFO	 HAFO	 Barefoot/DAFO/HAFO	 3DGA+Video+FP	 Spatiotemporal,	kinematics,	kinetics	 -	
Al-Abdulwahab	et	al.	(2009)36	 NMES	 	 Pre/NMES/Post	 3DGA	 Spatiotemporal	 -	
Seniorou	et	al.	(2007)37	 SEMLS+CT+RS	 SEMLS+CT+AE	 Pre/Post/1year	 3DGA	 Spatiotemporal,	kinematics	 -	
McNee	et	al.	(2007)38^	 CAST	 	 Pre/Post	 3DGA+FP	 Spatiotemporal,	kinematics,	summary	indexes	 -	
Engsberg	et	al.	(2006)39	 D-ST/P-ST/DP-STc	 	 Pre/Post	 3DGA+Video+FP	 Spatiotemporal,	kinematics,	kinetics	 -	
Patikas	et	al.	(2006)40	 SEMLS+CT+ST	 SEMLS+CT	 Pre/1year/2years	 3DGA+FP	 Spatiotemporal,	kinematics,	kinetics,	summary	indexes	 -	
Kay	et	al.	(2004)41	 BTX-A+CAST	 CAST	 Pre/3months/1year	 3DGA	 Kinematics	 -	
Bottos	et	al.	(2003)42	 BTX-A+CAST+CT	 BTX-A+CT	 Pre/1month/4months	 3DGA+FP+sEMG	 Spatiotemporal,	kinematics,	kinetics,	sEMG	 -	
Desloovere	et	al.	(2001)43	 CAST	post	BTX-A+CT	 CAST	pre	BTX-A+CT	 Pre/2months	 3DGA+Video+FP+sEMG	 Spatiotemporal,	kinematics,	kinetics,	sEMG	 -	






























































































































	 GGI	 The	 Gillette	 Gait	 Index,	 also	 called	 the	 Normalcy	 Index,	 uses	multivariate	 statistical	methods	 to	 quantify	 the	 deviation	 of	 a	 subject’s	 gait	 from	 an	
unimpaired	control	group.	It	is	calculated	from	three	spatiotemporal	parameters	(timing	of	toe	off,	gait	speed	normalized	by	leg	length	and	cadence)	and	
13	 kinematic	 parameters	 (MEAN_PelvicTilt_Stri,	 ROM_PelvicTilt_Stri,	 MEAN_PelvicRot_Stri,	 MIN_HipFlexExt_Stri,	 ROM_HipFlexExt_Stri,	



















Study	 Spatiotemporal	 Kinetic	 sEMG	 Segment	kinematic	 Summary	
indexes	Ankle	 Knee	 Hip	 Foot	 Pelvis	
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GVS_PelvicTilt_Stri	 GPS	 x	 x	 x	 x	
ITP
26
	 Stride	length	 ○	 ○	 GVS_KneeFlexExt_Stri	 ○	 GVS_PelvicRot_Stri	 ○	 x	 x	 x	 x	
Hippotherapy
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	 x	 x	 x	 x	 x	 x	 x	 x	 x	 x	 Adductor	
BTX_A	=	Botulinum	toxin	A,	ITP	=	Individualized	therapy	program,	SI	=	Summary	indexes.	x	=	Not	analyzed,	○	=	No	significant	differences.	
	
	
